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0 Shaped-tube electrolytic polishing process. 



: @ The present invention Js directed to a shaped-tube electrolytic polishing process which involves providing a 
- workpiece with at least one hole. The hole is polished by advancing a metal tube electrode through the hole 
while passing an electrolyte through the tube and Into the hole and while passing electric current between the 
metal tube and the workpiece through the electrolyte. As a result of such polishing, reduced surface roughness 
Is imparted to the hole. It is particularly desirable to provide the hole in the workpiece by a shaped-tube 
electrolytic drilling process. 




-22 



Rank Xerox (UK) Business Services 

13. 10/3.09/3.3.4) 



EP 0 607 894 A1 



FIELD OF THE INVENTION 

The present invention relates to a shaped-tube electrolytic machining process. 
5 BACKGROUND OF THE INVENTION 

Electrochennical nnachlning is a widely used technique for providing holes in difficult-to-machine metal 
parts. Generally, these processes involve using electrochemical force (as opposed to mechanical force) to 
disengage or deplate material from a workpiece. 

70 A highly specialized adaptation of electrochemical machining, known as shaped-tube electrolytic 
machining, is used for drilling small, deep holes in electrically conductive materials. Shaped-tube electro- 
lytic machining is a noncontact electrochemical-drilling process that distinguishes itself from all other drilling 
processes by its ability to produce holes with aspect ratios of up to 300:1. Being an electrochemical 
process, shaped-tube electrolytic machining is unaffected by either material hardness or toughness. It uses 

7 5 an acid-based electrolyte instead of the salt electrolytes normally incorporated in electrochemical machin- 
ing. The use of acid electrolytes ensures that the metal sludge by-products from electrolytic depleting are 
dissolved and carried away as metal ions. This eliminates clogging of the electrolyte flow path around the 
electrode, an important feature when drilling deep holes. Shaped-tube electrolytic machining processes are 
discussed in more detail in Machining Data Book , vol. 2. pp. 11-71 to 11-75 {3rd ed. 1980); E.J. Weller, 

20 Nontraditional Machining Processes , pp. 109-13 (2nd ed. 1984); and G.F. Benedict, Nontraditional Manufac- 
turing Processes , pp. 181-87 (1987). 

Advances in jet engine technology have resulted in the need to machine super alloys and metals. The 
characteristics of these metals and the complex designs associated with jet engine hardware have posed 
machining problems which are beyond the capability of conventional machining processes. As a result, 

25 shaped-tube electrolytic machine processes have found particular applicability in the manufacture of aircraft 
engines. These processes are especially useful in drilling holes through turbine blades, buckets, vanes, and 
struts so that cooling liquid can be circulated through these components during turbine operation. Since 
such cooling is enhanced by turbulence within the cooling passages, there is little reason for finely 
machining these passages. Examples of the use of shaped-tube electrolytic machining processes in 

30 conjunction with aircraft engine manufacture are disclosed in U.S. Patent Nos. 3.352,770 to Crawford et al., 
3,352.958 to Andrews. 3,793,169 to Joslin, 3,805,015 to Andrews, and 4,088,557 to Andrews. 

In recent years, shaped-tube electrolytic machining processes have also found application in the 
manufacture of precision extrusion dies for producing ceramic honeycomb structures. Such structures are 
particularly useful for automobile catalytic converters. 

35 The manufacture of extrusion dies from these ultra-hard materials is an extremely tedious process. The 
extrusion dies are formed with multiple apertures through which the extrudate is forced under high pressure. 
In one method of forming the extrusion die, mechanical drills are used to provide the extrusion apertures. If 
the extrusion dies are formed of ultra-hard materials such as. for example, 17-4PH stainless steel or 
Inconef 718 (a registered trademark of International Nickel Co., Inc.), the drilling rate used for aperture 

40 formation is very slow and a great deal of time and effort is expended in extrusion die formation. If softer 
die materials are used, the drilling rate is increased, but the life span of the resulting extrusion die is 
correspondingly shorter. 

Because of these difficulties, apertures are now formed in extrusion dies by electrochemical machining 
techniques rather than mechanical drilling. With an electrochemical machining process, the workpiece from 

45 which the die is to be formed is situated in a fixed position relative to a movable manifold. The manifold 
supports a plurality of drilling tubes, each of which are utilized to form an aperture in the workpiece. The 
drilling tubes operate as cathodes in the electrochemical machining process, while the workpiece comprises 
the anode in that process. As the workpiece is flooded with an acid electrolyte from the manifold, material is 
selectively deplated from the workpiece in the vicinity of the drilling tubes to form the requisite aperture 

50 pattern. U.S. Patent No. 4,687,563 to Hayes and European Patent Application Publication No. 0245 545 to 
Peters disclose such processes. Although this production technique has found significant usefulness in the 
art, the resulting extrusion dies can suffer from a problem of surface roughness in or near the holes. 

In the use of shaped-tube electrolytic machining to manufacture extrusion dies, the presence of 
roughness in the passages of the dies is undesirable. Such roughness imparts friction against extrusion of 

55 material. These frictional forces are often so great that the ram for the extruder is unable to push material 
through the die. The present invention is directed to overcoming this problem. 
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SUMMARY OF THE INVENTION 

The present invention relates to a shaped-tube electrolytic polishing process which involves providing a 
workpiece with at least one hole. The hole is polished by advancing a nnetal tube electrode through it while 

5 passing an electrolyte through the tube and into the hole and while passing an electric current between the 
tube and the workpiece through the electrolyte. As a result of the electrode's advancennent through the 
hole, metal is deplated from the workpiece and the hole's surface roughness is reduced. Preferably, the 
hole is initially drilled in the workpiece by advancing a nnetal tube electrode toward and into the workpiece 
while passing an electrolyte through the tube and into contact with that workpiece and while passing electric 

10 current between the tube and the workpiece through the electrolyte. As a result, nnetal from the workpiece is 
deplated where the hole is being drilled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 FIG. 1 is a schematic view of a shaped-tube electrolytic nnachining system. 

F1G.2 is an enlarged view of a portion of the system of FIG. 1 taken within circle 2-2 of FIG. 1. 
FIG. 3 is an electron microscopic photograph, at a 1000x magnification, of a hole that has been drilled 
but not polished in accordance with a prior art process. 

FIG. 4 is an electron microscopic photograph of the subject matter of FIG. 3 at a 5000x magnification. 
20 FIG. 5 is an electron microscopic photograph, at a 1000x magnification, of a hole that has been drilled 
and polished in accordance with the present invention. 

FIG. 6 is an electron microscopic photograph of the subject matter of FIG. 5 at a 5000x magnification. 

DETAILED DESCRIPTION OF THE DRAWINGS AND THE INVENTION 

25 

FIG. 1 is a schematic view of a shaped-tube electrolytic machining system which is useful for 
sequentially carrying out the drilling and polishing steps of the present invention. The system includes a 
work enclosure formed by base 2 and cover 4. Positioned within the work enclosure is support 6 on which 
workpiece W rests. As illustrated, holes H are drilled in workpiece W by passing an electrolyte through feed 

30 manifold 9 into hollow tube electrodes 10. To achieve electrolytic machining, electrode holder 8 is provided 
with cathode contact 40 which is coupled to voltage source 32 by connector 38, having ammeter 42. 
Workpiece W is provided with anode contact 36 which is coupled to voltage source 32 by connector 34. As 
,.a result, electrolyte E discharged through hollow tube electrodes 10 deplates metalirom workpiece W, 
/ .forming holes H. This is shown in more detail in FIG. 2 which is an enlarged view of "the portion of the 

35 system of FIG. 1 taken within circle 2-2. As illustrated, electrolyte E advances through the central passage 
defined by hollow tube electrode 10. At end 13 of hollow tube electrode 10, electrolyte E contacts 
workpiece W which increases the depth of hole H. Electrolyte E then advances upwardly out of hole H as 
shown by the arrows in FIG. 2. This flow of electrolyte E causes metal deplated from workpiece W within 
hole H to be carried out of the hole. In FIG. 1, stationary guideplate 16 is provided to align hollow tube 

40 electrodes 10 so that holes H in workpiece W are properly located. 

As also shown in FIG. 2, hollow tube electrode 10 includes metal tube 12 and a coating of dielectric 
material 14. End 13 of metal tube 12 is, however, not covered by dielectric material so that an electrolytic 
cell is formed between that portion of metal tube 12 and workpiece W. Generally, this portion of hollow tube 
electrode 10 is sloped such that angle a is preferably 11 *. By coating metal tube 12 with dielectric material 

45 14, metal ions present in electrolyte E after removal from workpiece W are prevented from depositing on 
hollow tube electrode 10 where it is coated. This coating also confines drilling to the area around end 13 of 
metal tube 12. Deposition can only take place on hollow tube electrode 10 where metal tube 12 is not 
coated with dielectric material 14. However, any deposits can be removed by periodically reversing the 
polarity of voltage source 32. Such polarity reversal of voltage source 32 is typically carried out for 0.05 to 

50 3.0 sec. after 0.1-30 sec. of operation by hollow tube electrode 10. 

Electrolyte E exiting from holes H in workpiece W drains into supply tank 20. Supply tank 20 is 
provided with heat exchanger 22 which heats or cools the electrolyte to maintain a desired temperature. 
Pump 24 is connected to supply tank 20 for recycling electrolyte through filter 26, feedpipe 28. pressure 
controller 31 . and flow meter 30 into manifold 9. 

55 In operation, the shaped-tube electrolytic machining system shown in FIG. l circulates electrolyte 
through the system until holes H of sufficient depth are formed in workpiece W. As hole H deepens, the 
structure formed by manifold 9, electrode holder 8, and hollow tube electrodes 10 is advanced toward 
workpiece W in the direction of arrow A by a constant feed servosystem (not shown). As a result, ends 13 
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of hollow tube electrodes 10 are maintained in a position suitable for optimal deplating of metal from 
workpiece W. Generally, the rate at which these components are advanced along the path defined by arrow 
A is substantially equal to the rate at which the workpiece material is dissolved. The system of Figure 1 is 
provided with a mechanism (not shown), as is well known in the art, to control operation of voltage source 

5 32, the constant feed servosystem, and the electrolyte circulating system. 

The shaped-tube electrolytic machining process of the present invention can be used to drill holes in a 
variety of conductive materials, such as 304 stainless steel, 321 stainless steel. 414 stainless steel, inconel 
alloy 718. inconel alloy 625, inconel alloy X-750. and inconel alloy 825. Holes as deep as 610 millimeters 
can be produced with length-to-diameter (i.e. aspect) ratios of up to 300:1 and diameters ranging from 0.5 

70 to 6.4 millimeters. Oval and other shapes should have a minimum width of 0.5 millimeters and a major-to- 
minor axis ratio of 3:1 . 

The electrolyte is a solution which contains an acid selected from the group consisting of nitric acid, 
sulfuric acid, hydrochloric acid, and mixtures thereof. Generally, the electrolyte has a volumetric acid 
concentration of 16-18 vol. %. The electrolyte is applied to workpiece W at a temperature of 18-32"C due 

75 to the effect of heat exchanger 22 and at a pressure of 344-551 KPA which is imparted by the discharge 
pressure from pump 24, as regulated by pressure controller 31. The content of metal particles in the 
electrolyte is a maximum of 45-2500 milligrams per liter. Generally, conductivity increases with the 
concentration of metal and acid in the electrolyte. Higher acid concentrations result in increased metal 
removal from workpieces; however, accelerated chemical attack on the electrodes may occur. Increased 

20 concentration of acid in the electrolyte also increases the hole size. Increases in electrolyte temperature 
have the same effect as concentration increases. 

Voltage source 32 is generally a direct current power supply. It has a voltage of 1-15 volts, a forward on 
time of 0.1-30 seconds, and a reverse time of .05-3 seconds. Generally, the cross-sectional area of the hole 
being drilled becomes larger as voltage increases. However, it is not desirable to operate at the upper limit 

25 of the voltage range, because the resulting heat generated may damage the coating of dielectric material 14 
and will accelerate the build up of metal ions on the electrode. 

Hollow tube electrodes 10 are generally fabricated from titanium because of its resistance to electrolytic 
action. The layer of dielectric material 14 must also be smooth, have an even thickness, be concentric with 
the tube, be tightly adhered to metal tube 12, and be free of pin holes or foreign material. Straightness is 

30 essential to achieve satisfactory hole quality. Suitable dielectric materials include polyethylene, poly- 
tetrafluoroethyiene, ceramics, and rubbers. A particularly preferred dielectric coating material is 
ALKANEX^V 

Generally, the process of the present invention involves two stages ~ i.e., drilling holes in a workpiece 
and then polishing the drilled holes. During the hole drilling phase of the process, holes are preferably 

35 formed in a solid workpiece like that of workpiece W in FIG. 1 by the process described above. After holes 
H of suitable length are formed in workpiece W, a constant feed servosystem (not shown) withdraws the 
portion of the apparatus constituted by feed manifold 9, electrode holder 8, and hollow tube electrodes 10 
away from workpiece W and out of holes H. As a result of the drilling process, holes H have a surface 
roughness of 0.8-1.0 um. This is accomplished with a drilling speed (i.e., a rate at which hollow tube 

40 electrodes 10 advance into holes H) of 0.4-5.0mm per minute. 

The surfaces of holes H can be smoothed by the subsequent step of polishing. This involves, again, 
advancing manifold 9, electrode holder 8, and hollow tube electrodes 10 back into holes H using the 
constant feed servosystem (not shown), while feeding electrolyte E from manifold 9, through hollow tube 
electrodes 10, and into holes H. Electrolyte E is then withdrawn through tube 18 into supply tank 20 and 

45 recycled by pump 24 through filter 26. feed pipe 28, pressure controller 31 , and flow meter 30. During this 
time, voltage source 32 forms an electrochemical cell through anode contact 36 and cathode contact 40, 

The chief distinction between the drilling step and the polishing step is the speed at which the constant 
feed servosystem advances manifold 9, electrode holder 8, and hollow tube electrodes 10 into holes H. 
Specifically, the polishing speed is 12-36 mm per minute, while, as noted above, the drilling speed is 0.4- 

50 5.0 mm per minute. Thus, the ratio of the drilling speed through workpiece W to the polishing speed 
through workpiece W is about 1:2.5 to 1:25. As a result of the polishing step, the surface roughness of hole 
H after polishing is 0.4-0.5 um. Such enhanced smoothness is sufficient to permit extrusion of material 
through dies prepared in accordance with this process. 

55 



4 



EP 0 607 894 A1 



EXAMPLES 

Example 1 

5 Using a shaped-tube electrolytic machining apparatus like that shown in Figure 1, two pieces of 6.35 
millimeters x 29.083 millimeters x 203.2 millimeters USN # S45000 stainless steel clamped together were 
drilled with a 1.448 mm test hole through their mating surfaces. Such drilling was carried out at 9 volts, 165 
amps, an electrode feed rate of .889 mm per minute, and an electrolyte pressure of 448 KPA. After drilling 
was completed, the two pieces were separated and measured for surface roughness. It was found that the 

10 portion of the holes which had been drilled but not polished had an average surface roughness of .787 to 
.862 micrometers, measured with a Perthen Model S6P Perthometer, available from Feinpruef Corp., 
Charlotte, NC. After such measurements were made, the pieces were clamped for polishing. 

A portion of the drilled hole was polished by passing the electrode of the shaped-tube electrolytic 
machining apparatus partially into the previously-drilled hole. During this procedure, that apparatus was 

15 operated at 9 volts. 165 amps, an electrode feed rate of 25.4 um per minute, and an electrolyte pressure of 
448 KPA. After polishing was completed, the pieces were undamped and the surface roughness of the 
portion of the hole which had been both drilled and polished was measured and found to have a value of 
0.337 to 0.375 micrometers. Thus, the polishing step of the present invention significantly reduced the 
surface roughness of the previously-drilled hole. 

20 Using a scanning electron microscope, photographs were made of the portions of the hole which had 
been drilled only and which had been both drilled and polished. FIG. 3 Is an electron microscopic 
photograph, at a lOOOx magnification, of the hole which had been only drilled. FIG. 4 is an electron 
microscopic photograph of the subject matter of FIG. 3 at a SOOOx magnification. FIG. 5 is an electron 
microscopic photograph, at a lOOOx magnification, of the portion of the hole that had been both drilled and 

25 polished in accordance with the present invention. FIG. 6 is an electron microscopic photograph of the 
subject matter of FIG. 5 at a SOOOx magnification. 

Examples 2-14 

30 Holes were drilled in test pieces like that described in Example 1 using the drilling equipment and 
parameters set forth in that example. After the pieces were undamped, they were measured for surface 
roughness, as described in Example 1. and found to have surface roughness values of 0.787 to 0.862 
micrometers. 

After the test pieces were redamped, they were polished by passing the electrode of the shaped-tubed 
35 electrolytic machining apparatus through the previously-drilled hole. This procedure was carried out under 
the conditions set forth below in Table I. The surface roughness of the polished holes was then determined 
as set forth in Example 1 . The results of these measurements are in Table L 
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The surface roughness values set forth in Table I again demonstrate that the polishing process of the 
present invention significantly reduces the surface roughness of holes initially drilled with the shaped-tube 
electrolytic machining equipment. 

Examples 15-17 

Clamped test pieces like those used in Example 1 were drilled with a shaped-tube electrolytic 
machining apparatus like that disclosed in Example 1 where drilling was carried out at 8 volts. 165 amps, an 
electrode feed rate of .889 mm per minute, and an electrolyte pressure of 448 KPA. After drilling was 
completed, the clamped pieces were separated and their surface roughness measured using the equipment 
described in Example 1 . As a result, it was found that the drilled holes had a surface roughness of 0.787 to 
0.862 micrometers. 

.After the pieces were reclamped. the drilled holes were polished by passing the electrode of the 
shaped-tube electrolytic drilling apparatus through the previously-drilled holes under the operating con- 
ditions set forth below in Table 11. The polished holes were then measured for surface roughness, as 
described in Example 1 , and found to have those values set forth in Table II. 



TABLE 11 



45 
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The data for Examples 15-17 thus again demonstrate the improved surface roughness achieved with 
50 the polishing processes of the present invention. 

Although the invention has been described in detail for the purpose of illustration, it is understood that 
such detail is solely for that purpose, and variations can be made therein by those skilled in the art without 
departing from the spirit and scope of the invention which is defined by the following claims. 

55 Claims 

1. A shaped-tube electrolytic polishing process comprising: 

providing a conductive workpiece with at least one hole and 
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polishing the at least one hole by advancing a metal tube electrode through the hole while passing 
an electrolyte through the tube and into the hole and while passing electric current between the tube 
and the workpiece through the electrolyte, whereby said polishing deplates metal from the workpiece 
and imparts reduced surface roughness to the hole. 

5 

2. A process according to claim 1, wherein said providing a metal workpiece comprises: 

drilling a hole in a metal workpiece by advancing a metal tube electrode against the workpiece 
while passing an electrolyte through the tube and into contact with the workpiece and while passing 
electric current between the tube and the workpiece through the electrolyte, whereby metal from the 
70 workpiece is deplated where the hole is being drilled. 

3. A process according to claim 12, wherein the ratio of drilling speed through the workpiece to polishing 
speed through the workpiece is 1:2.5 to 1:25, and/or wherein the drilling speed is 0.4 to 5.0 mm/min, 
and/or wherein the polishing speed is 12-36 mm/min. 

75 

4. A process according to claim 2. wherein the hole has a surface roughness of 0.4 to 0.5 um after said 
polishing and/or wherein the hole has a surface roughness of 0.8 to 1.0 um after said drilling. 

5. A process according to claim 2. wherein the electrolyte for said polishing and said drilling contains an 
20 acid selected from the group consisting of nitric acid, sulfuric acid, hydrochloric acid, and mixtures 

thereof. 

6. A process according to claim 8, wherein the electrolyte has a volumetric acid concentration of 16-18 
vol. %. 

25 

7. A process according to claim 2 further comprising: 

reversing periodically the voltage source polarity during said polishing and said drilling to prevent 
buildup of deplated metal on the metal tube electrode. 

30 8. A process according to claim 2, wherein the metal tube electrode is exteriorly coated with a dielectric 
material except at its end where the electrolyte is discharged against the workpiece. 

9. A process according to claim 2. wherein at least one hole has a length to diameter ratio of up to 300:1, 
and/or wherein said workpiece has a hole configuration of an extrusion die suitable for use in extruding 

35 ceramic honeycomb materials. 

10. A process according to claim 2 further comprising one or several of the further steps of {)a,b,c): 

(a) collecting the electrolyte after it has contacted the workpiece during said polishing and said 
drilling, 

40 (b) recycling the collected electrolyte to the metal tube electrode for reuse during said polishing and 

said drilling, 

(c) filtering the electrolyte during said recycling. 
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FIG. 3 
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